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Foreword = 
I am very pleased to learn about the launch of the PLANEX Newsletter from 2011. I believe this 
newsletter will serve as an efficient medium for dissemination and exchange of information on various 
aspects of Planetary Science and Exploration amongst all the scientists, research scholars and students 
associated with this programme nucleated at PRL in 2001. Over the years PLANEX has grown in 
strength, with a core group at PRL and more than twenty other groups at various places spread across 
the country that are supported for conducting research in planetary sciences and allied fields. Holding 
regular Workshops, Discussion meetings and Brainstorming sessions on various themes, establishment of 
a National Facility for studies of planetary materials and Research in various areas of planetary sciences 
are some of the major current activities of the core group at PRL. The PLANEX Newsletter will be an 
ideal vehicle for communicating the happenings, opportunities and challenges in the field of planetary 
science and exploration both in India and elsewhere in the globe. I am happy to note that the first issue 
of this newsletter aptly reflects all these aspects. I feel, a column on reader’s comments and feedback will 


be a welcome addition in future issues. 


I congratulate all those whose untiring efforts led to this new PLANEX endeavour, wish all others a 
happy reading and eagerly look forward to see the future issues of PLANEX Newsletter. 


Ji a Nath Goswami, 


Director 


Ist January, 2011 
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Editor’s Desk 


It’s a feeling of great honor and immense pleasure for me as I humbly put forward the inaugural issue 
of PLANEX newsletter. My association with PLANEX program, dating back to its infancy, made me 
an avid witness to the trajectory of progress this program has followed till date. The present 
newsletter has been initiated with a view to carry forward the legacy of PLANEX program of ISRO at 
PRL, which primarily stresses on the policy of popularizing and facilitating planetary sciences 


research in the country. 


The newsletter is planned as a quarterly e-magazine which aims to cover both interesting and 
informational details in the area of Planetary Sciences and Exploration. These will include popular 
scientific articles, planetary mission updates, remarkable achievements in planetary research, 
emerging technologies, inspirational excerpts, latest happenings apart from available opportunities 


and ongoing activities in planetary science research. 


In this inaugural issue, we first introduce our readers with the goals of PLANEX program. 
Subsequently, series of articles dealing with diverse topics follow, such as, on known facts about the 
origin and evolution of our solar system, an overview of the discovery of water on Moon, a note on 
X-Ray fluorescence spectroscopy for chemical mapping in-lieu of an approved payload for 
Chandrayaan-2 orbiter, a mention of work being carried out in PLANEX funded lab at Pondicherry 
University, story on Mars Science Lab (MSL) and an edifying article on visionary Dr. Vikram A. 
Sarabhai. In addition to these, this issue also provides loads of interesting up to date news related to 
developments and discoveries in planetary sciences, updates on the status of ongoing planetary 
missions and a mention of current opportunities in the field of planetary sciences for students and 


researchers. 


Although we have tried to cover various aspects, we would greatly appreciate suggestions and 
comments of our readers for the betterment of the Newsletter. Contributions from our valued readers 


for future editions are also solicited. 


Best Wishes & New Year Greetings 


Nj 


Neeraj Srivastava 


(On behalf of Editorial Team) 
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Life built with Toxic Chemical Arsenic discovered 
Experiments carried out on a microbe strain GFAJ-1, a 
member of a common group' of bacteria 
(Gammaproteobacteria) from Mono Lake, California 
showed that it is a first known micro organism on Earth 
which can substitute arsenic for phosphorus in its 
biochemical machinery like DNA, proteins and cell 
membranes. It was observed that the microbes continued 
to grow even after replacing arsenic with phosphorus, 
indicating that arsenic can also be used to produce the 
building blocks of life as in the case of new GFAJ-1 cells. 
Source: http://astrobiology.nasa.gov 


Spitzer reveals First Carbon-Rich Planet 

The first carbon rich gas giant named WASP-12b (1.4 
times as massive as Jupiter and located roughly 1,200 
light-years away from Earth) is observed by Spitzer 
Space Telescope. This is the first planet having C/O > 1 
and one of the hottest planet having temperature 2600 K 
at the side facing the star. 

Source: http://planetquest.jpl.nasa.gov/ 


Particles brought back by Hayabusa identified as from 
Itokawa Asteroid 

About 1500 grains (size mostly less than 10 micron) of 
samples returned from Hayabusa are identified as rocky 
particles from Itokawa asteroid by SEM observations. 
Japanese mission Hayabusa (launched on May 9, 2003) 
reached at the Itokawa asteroid and returned back with 
samples to Earth on June 13, 2010. 

Source: http://www.jaxa.jp/press/2010/11/20101116_hayabusa_e 


Cassini Spots Potential Ice Volcano on Titan 

Topography and surface composition data from NASA’s 
Cassini spacecraft found possible cryovolcanoes on the 
largest moon of Saturn. Scientists assume that some kind 
of subterranean geological activity warms the cold 
environment enough to melt part of the satellite's interior 
and sends slushy ice or other materials through an 


opening in the surface. 


Source: http://www.nasa.gov/cassini 


Cassini reveals the trade routes of mass transfer 
between the moons of the Saturn: 

Visible, Infrared and Ultra-violet images from Cassini 
dataset give clues of material transfer between Saturn’s 
moons Mimas, Enceladus, Tethys, Dione and Rhea. The 
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global high resolution composite images of the five 
moons show splashes of blues and reds which map icy 
geysers blasting from the southern polar region of 
Enceladus forming most of Saturn’s E ring moving 
towards Rhea, Dione and Tethys. Some of this material 
also returns back to Enceladus. 


Source:http://www.nasa.gov/mission_pages/cassini/whycassini 
/cassini/20101007.html 


Shrinking Moon 

NASA’s LRO spacecraft reveals presence of lobate 
scarps on lunar surface and scientists believe that moon 
may have shrunk as it aged. These cliffs (on the lunar 
surface) show the first evidence of shrinking process. 
This tectonic activity could be as recent as a hundred 
million years. 
Source:http://www.nasa.gov/mission_pages/LRO/news/shrinki 
ng-moon.html 


Another Asteroid showing Presence of Water 

After asteroid 24 Themis, scientists have found evidence 
of water ice and organic molecules on the asteroid 65 
Cybele. Finding water ice, suggests that asteroids may 
have delivered much of the water that fills Earth's oceans 
and perhaps some of the complex organic molecules that 
served as the building blocks of life. 

Source: Science Daily, 7 October 2010. 


Icy Rhea contains 70% Oxygen 

NASA’s Cassini spacecraft has detected a very thin layer 
of atmosphere containing 70% oxygen along with some 
CO, around Saturn’s icy satellite Rhea. The density of 
this atmosphere is 3 trillion times less than that of Earth. 
This explains that complex chemistry involving oxygen 
may be common in the whole solar system. 


Source:http://www.nasa.gov/mission_pages/cassini/whycassini 
/cassini/20101126.html 


It was not a Comet !!! 

ESA’s Rosetta has unraveled the truth about mystery 
object ‘P/2010 A2’. An automated survey telescope on 
Earth discovered it in January 2010 which was 
immediately designated a comet because it has a tail, but 
scientists were skeptical about it. Recent results showed 
that instead of this being a comet, it is the debris from a 
pair of colliding asteroids. 

Source: http://www.esa.int 
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PLANEX Programme: inception and incubation 


This first issue of PLANEX Newsletter coincides with the 
completion of a decade of PLANEX Program at PRL. 
This decade has been very eventful, scientifically 
speaking, as far as the Planetary Exploration Program is 
concerned. ISRO sent its first planetary mission to Moon 
which by all counts can be considered as a successful 
mission. It is therefore appropriate, at this stage, to recall 
the motivation and vision behind starting the PLANEX 
program and how it has performed in attaining its goals. 


Any challenging program of research, particularly in a 
hitherto uncharted terrain, such as the exploration of 
planets, requires a large number of scientists, skilled 
engineers and technicians, a friendly platform for 
interaction and discussion and a streamlined system and 
infrastructure for implementation and execution. Only 
then, the know-how and efforts can meaningfully convert 
plans into reality and process of building upon the 
successes and correcting any failures can continue. 


Planetary research in India has been a neglected field with 
some brilliant spikes now and then. Going back to the 
earliest history, the rich heritage of planetary research 
created by the pioneering work of Aryabhatta, 
Bhaskaracharya and Varahamihir was long lost in the 
sands of time and even the tradition started by the 
network of awesome edifices of the Jantar Mantars built 
by Maharaja Jaisingh did not continue for long. So when 
ISRO initiated the planetary exploration program, there 
were hardly any viable groups of scientists in the country 
engaged in planetary sciences. The silver lining in this 
grim situation was a few people who started working on 
meteorites at the Tata Institute of Fundamental Research, 
Bombay during 1960’s and got a big boost by the 
opportunity of studying samples of the Moon rocks 
brought back by Apollo and Luna missions conducted by 
USA and USSR. Much of this group also dissipated over 
the decades and we had to call upon the few scattered 
individuals, still active, to take up the responsibility of the 
Planetary Exploration program. 


The possibility of embarking on a planetary exploration 
program emerged with the successful performance of 
PSLV in 1995 but it took about 5 years for ISRO to make 
this paradigm shift from earth based studies to going 
beyond and embark on a meaningful planetary program. 
In the long term plans, envisaged by ISRO, Moon is just a 
first step and continuing exploration of Mercury, Mars, 
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satellites of Jupiter, comets and asteroids figure 
prominently. To execute such a program, the initial idea 
was to draw upon the vast reserve of scientists, with 
expertise in different fields existing in the country and 
reorient them to planetary studies. The exploration of 
planets involves a multidisciplinary approach requiring 
expertise in all kinds of fields such as physics, chemistry, 
geology, space sciences and everything else. On technical 
side it requires engineers of all hues and colors such as 
chemical, mechanical, electronic, communication and 
material engineers, astronautics and experts in remote 
sensing, computer applications, data reduction etc. Thus 
of 
diverse expertise, all working coherently towards a single 
goal. With this view in mind, the Planetary Sciences and 


planetary exploration program involves persons 


Exploration Program, called PLANEX was conceived at 
PRL and thankfully, fully supported by ISRO. 


This program had many components. Firstly, it was 
realized that no national academic program can succeed 
without participation of universities. Therefore periodic 
workshops with different themes of planetary sciences 
were planned to enthuse and reorient the university 
students. To attract the university faculty to nucleate 
planetary research in their centres, a scheme of supporting 
scientific proposals financially, collaborating and 
interacting with them academically was also initiated. 
Much interest was shown by many universities in this 
program. Realizing that experimental work requires state 
of the art equipments which are expensive and difficult to 
maintain or operate by small groups, another vital 
element was added to this program of building and 
operating a National facility where all possible 
equipments required for planetary studies are available 
which different universities and academic institutions can 
freely use. To facilitate frequent visits and joint work, a 
Visiting Professors program was included. Thus the 
vision guiding the formation of PLANEX program was to 
grow a viable planetary science community in the country 
which can take up the challenges of the ambitious 
planetary exploration program of ISRO. How far such a 
multi-pronged effort has succeeded is for anyone to judge 
and I surely hope that we can build upon the success of 
Chandrayaan-1, strengthen the PLANEX Program and 
make important scientific contributions in understanding 
the formation and evolution of planets and _ their 
interaction and influence on earth and life on earth, which 
are the main science objectives. No country has embarked 
st) 3 
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on planetary exploration without a large number of 
scientists devoting their time and many institutions taking 
it up as their main activity. It is therefore imperative that 
PLANEX Program quickly grows into a large centre as 
envisaged, if ISRO has to successfully conduct its 
Planetary Exploration Program. With such a wide science 
base and combining it with high-end technology being 
developed by ISRO, the future of Planetary Exploration 
Program looks bright. 


Narendra Bhandari 

E-Mail: nnbhandari@ yahoo.com 
Contact: +91-(0)9824077890 (Mobile) 
+9 1-(0)79-263 14266 (Office) 
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Origin and Evolution of Solar System 


Our solar system as a part of galaxy gets identity 4.56 Ga 
ago and is still in phase of evolution. Theories of star 
formation suggest that the origin of our solar system took 
place due to the collapse of large inhomogeneous cloud of 
dust and gas which is termed as a giant molecular cloud. 
Giant molecular cloud is basically a cloud of gas and dust 
having masses ranging from 10* -10° times of solar mass. 
This cloud can spread in interstellar space having 
diameter tens of parsec and has an average particle 
density in range of 10° -10° particles/cc. There are various 
parameters such as gravity, temperature, pressure, 
density, mass, turbulences in the cloud and magnetic field 
in the interstellar space which maintain the status of cloud 
at each time. Gravity will win over all other opposite 
forces, only if it satisfies the Jean's criterion’ for the 
collapse of molecular cloud, which decides the rate and 
onset of collapse. Some discoveries also predicted that the 
collapse of the molecular cloud which forms our solar 
system was not exclusively an outcome of gravitational 
influences but was also triggered by the shock waves 
from the explosions of nearby massive stars in a later 
phase of their evolution. These shock waves brought in 
some foreign material into the cloud along with them 
which contains signature of the parent star and it is 
inhomogeneously distributed into the collapsing cloud, 
such material is called as stardust or presolar grains. 
Cloud itself is inhomogeneous; therefore within the cloud 
there are some denser regions which start to form clumps 
that cause the fragmentation of the cloud. Gravity again 
dominates over other forces in this region and dense core 
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now becomes the nucleus of the 
star formation. Thus, there is 
continuous battle between the 
gravity and thermal energy. As 
the core contracts due to gravity 
the pressure increase which 
causes the decrease in mean free 
path of the particles and leads 
temperature. 
the 
thermal motion tries to oppose 
the collapse, but it is not 
sufficient enough to stop collapse due to the strong 
opposition from gravity. Here, since we are concerned 
with a star of solar mass, the core has to reach a 


Fig(1) The Boomerang 
Nebula is an excellent 
example of bipolar 
outflow 


to increase in 
Resulting increase in 


temperature of 10’K which is a requirement for the 
hydrogen fusion. 


Solar composition is H (73%), He (25%) and ‘etal. 
(2%) therefore, there is enough hydrogen to burn and 
produce energy. This energy production then establishes 
the equilibrium and the core now becomes stable against 
collapsing. In this phase, hydrogen acts as a fuel to 
initiate the fire to oppose the collapse. Initially the visible 
radiation from the protostar is blocked by gas and dust 
surrounding it and most of the radiations coming out are 
in far infrared and microwave region of the EM spectrum. 
Star lasts more or less in this phase for 0.1-10 Ma. Visible 
radiation from the star is observable, when it reaches 
equilibrium and the remnant material is blown away. The 
major neutral cloud core is now converted into fully 
ionized dense plasma and therefore magnetic field 
the 
contributor to 
processes and rest of the 


becomes major 


other 


material of core which is not 
contributing to the star 
rotates around it in a circular 
disk which is termed as 

Solar nebula. To conserve 

the angular 
materials from poles of the star is thrown in the 


Fig (2) Solar nebula along 


momentum with bipolar outflow 


interstellar space with very high energy which is called as 
bipolar outflow [Fig (1)]. 

On the other hand nebular disk, along with its rotation is 
also slowly accreting inward towards the star. The 
material of the disk which is facing the star is irradiated 
by the particles and radiations from the star. Building up 
ry 4 
Back to Contents 


ws 


of various different isotopes takes place in this process 
due to spallation reactions. Then few million years after 
wards planets start to form by accretion of the 
planetesimals which constitute of dust and gas material 
from the solar nebula. 


The temperature gradient established in the disk separates 
the volatiles and ice towards the outer end and refractory 
materials towards the inner edge therefore, the 
composition of four terrestrial planets (Mercury, Venus, 
Earth, Mars) is mostly made up of the rocky, silicate rich 
material and four Jovians (Jupiter, Saturn, Uranus and 
Neptune) are mainly made up of ices and volatiles. The 
remnant mass after the star formation gets distributed to 
form the planets, dwarf planets, and small solar system 
bodies such as moons, comets and objects beyond the 
Neptune (KBO)’ ete. 


Gravitational influence of Mars and Jupiter never allowed 
residues between them to accrete as a single body so 
instead of becoming a planet the material is revolving 
around the sun in the space between Mars and Jupiter. 
Such material is called as asteroids and meteoroids which 
are in sizes ranging from hundreds of km to few meters or 
less. Some of these are captured by the gravitational 
influence of major bodies and fall on them in the form of 
meteorites; it is the main reason for the impact craters 
seen on planets and the moons. 


After accretion into a single body, similar evolutionary 
processes took place in the planets but in different form 
and intensity. The trapped accretionary heat, compression 
due to gravity and radionuclides become the major source 
of energy and it causes an increase in the temperature of 
the body thereby melting it and resulting in delineation of 
these objects into topmost crust, intermediate mantle and 
innermost core (decreasing order of volatiles). This is 
known as the planetary differentiation processes and it 
strongly depends upon the size and composition of the 
planetary body as the heat budget is function of these 
parameters. These massive objects in the solar system 
undergo different processes of planetary formation and 
evolution which washed away most of the information of 
early solar system processes, but above mentioned few 
smaller objects like some of the asteroids and meteoroids 
undergo least melting and alteration which makes them 
better source to provide clues regarding the primitive 
solar system. 
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All major processes of evolution take place within a 
certain time frame. The whole process of the planet 
nearly within ~10° The 
radioactive isotopes made within the time span of 
different evolutionary processes serve as _ good 
chronometers. Now extinct (ti2< 100Ma) short lived 
radionuclides such as *'Ca, °Al , '°Be, “Fe, *Mn, '°’Pd, 
rf, 7 ~4Pu, “Sm and *°Cl which were present at the 


time of the formation of the solar system are gives us 


formation occurs years. 


information about different processes and time scale 
involved in different forms of evolution. A Correlative 
study of the excess of daughter product of radioactive 
isotopes with its stable isotopes provide information on 
the origin of radioactive isotopes, the time scale at which 
it was incorporated into the analyzed material, the energy 
and the particle flux of the star for that period and many 
more parameters. Long lived radionuclides (t,,.>100Ma) 
such as ~°U, “K, *°U, ®’Rb, and '*’Sm are used as a 
chronometric tools to determine the absolute age of the 
solar system. Variation in the ratios of the stable isotopes 
like O, N etc. can infer about the various chemical 
environment that prevailed at different time frames of the 
solar system. 

With all these studies conducted, sun is now in its middle 
age, and among the different orbiting planets probably the 
Earth is only known to be having existence of life, which 
started building up about 3.8 Ga to till date and may 
continue these multitudes of variations in life further. 


1/2 
‘Jeans criterion of star formation: > c (T/p) , where ft. is 


critical radius of stability 
C is the constant, T is temperature of the cloud, p is the cloud 
density 


? In astrophysical context all the elements except H and He are 
called as a metal. 


3 Kuiper Belt Objects 


Yogita U. Kadlag 
E-mail ID: yogita@prl-res.in 
Contact: +91-(0)79-2631 4327 


Physical Research Laboratory, Ahmedabad 
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Thirst ‘for Water on Moon 


The saga of water on Moon dates back to 19" century 
when G.W. Coakley (in 1885) discussed about the 
disappearance of water and atmosphere on Moon. During 
1950*, theoretical studies by Spitzer, Kuiper, Urey and 
others concluded that volatiles could not subsist on moon 
for a long time, therefore ruling out any possibility of 
presence of water on Moon. This subject regained 
prominence only in 1961 when stability theory of 
volatiles on moon by Watson and co-workers pointed 
towards the possible existence of water ice in lunar cold 
traps. Nearly two decades after this hypothesis was put 
forward, Arnold (1979) verified the stability of cold traps 
and trapping mechanisms. Attention on these theories 
retreated very soon, as the samples returned from Apollo 
and Luna missions revealed that Moon was bone dry. 


There was a renewed interest about water on Moon when 
a bistatic radar experiment onboard Clementine (in 1994) 
showed first observational evidence of water-ice in the 
permanently shadowed Shackleton crater at lunar south 
pole. Few years later, in 1998, Lunar Prospector detected 
hydrogen enhancement at both the lunar poles, indicating 
the possible presence of water. These two findings were 
strongly debated by the scientific community, as the 
signatures were not unique for water. The Clementine 
radar observation can also be attributed to surface 
roughness while hydrogen enhancement as observed by 
need not 


Lunar Prospector 


water/ice. 


necessarily represent 


Why there should be water on Moon? 

Possible sources and sinks for water on moon are 
illustrated in figure 1. Due to the very small axial tilt 
(~1.5°) of Moon with respect to Sun, many craters near 
the polar regions of Moon are in permanent darkness and 
have not seen sunlight for billions of years. As a result, 
these craters act as cold traps for endogenous / exogenous 
water on the surface of Moon. The sunlit (~400 ° K) and 
the shadowed side (~100 ° K) of moon differ by ~300°K, 
resulting in continuous distillation of volatiles from 
illuminated to non-illuminated regions. Under such 
conditions, each water molecule follows a series of 
ballistic trajectories and hops on the surface of Moon (fig. 
1). Such a molecule will either be removed by the process 
of dissociation, ionization or thermal escape or eventually 
gets trapped in a permanently shadowed region. Since this 


PLAKNEX 


Volume -1, Issue-1, January ZDI1 


process is carried out for billions of years, it is expected 
that the cold traps could retain large amounts of water. 


Shadowed Moon Illuminated Moon 


Sources 

Sun, Moon, Earth 
Comets, Asteroids, Dust 
Giant Molecular Clouds 


le to lunar atmosphere Lost to space 


UV ionization 
and sweeping 


Ballistic random walk 
o O 


Cold trapping 


Adsorption 
O warm trapping 


Figure 1: Volatile transport on Moon (Lucey, 2009) 


Recent Findings 


The onset of 21“ century has witnessed a new era of lunar 
science and exploration, wherein, various nations across 
the globe planned for remote sensing and landing 
missions to Moon. One of the major objectives for these 
missions was to investigate the lunar poles for presence of 
water using various techniques. The first one in this race 
was the Swedish-designed European Space Agency’s 
(ESA) SMART-1 in 2003, followed by Japanese 
“‘Kaguya’ and Chinese ‘Chang’e-1’ in 2007. On October 
22"", 2008, India launched its maiden planetary mission 
to Moon ‘Chandrayaan-1’ along with a piggyback 
spacecraft ‘Moon Impact Probe (MIP)’ that impacted near 
the lunar south pole. The recent one being NASA’s Lunar 
Reconnaissance Orbiter (LRO) which had an impactor 
called Lunar Crater Observation and Sensing Satellite 
(LCROSS) for impacting and simultaneous spectroscopic 
analysis. 


Meanwhile, in 2008, high precision study of lunar 
volcanic ‘green glass’ (Apollo Returned Sample) by Saal 
and co-workers have indicated a significant amount of 
indigenous water which was estimated to be ~700 ppm or 
higher. The breakthrough discovery of surficial mobile 
molecular layer of OH/H,O by Moon Mineralogy Mapper 
(M’), 
Chandrayaan-1 mission transformed the entire scenario 
for the search for water on moon. Two other instruments 
onboard Chandrayaan-1, Mini-SAR and CHACE, also 


an imaging spectrometer onboard India’s 
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gave hints on the possible presence of water/ice at lunar 
poles. M®* has spectroscopically detected characteristic 
absorption feature around 3.0 wm region of the 
electromagnetic spectrum, which is typically attributed to 
OH and/or H,O bearing minerals. This feature, observed 
in wide-spread areas on moon, appeared to be stronger 
towards high latitudes, indicating surface hydration 
process and delivery of OH/H2O and other volatiles to the 
permanently shadowed Spectroscopic 
observations of moon by two separate missions, Cassini 


regions. 


(during its flyby of the moon) and EPOXI - Deep Impact 
(en-route to a Comet) also supported M’ observations. 
On the hand, onboard 
Chandrayaan-1, Mini-SAR, a synthetic aperture radar was 


other another instrument 
intended to collect the scattering properties of illuminated 
and permanently shadowed polar terrains. Mini-SAR used 
a hybrid technique that helps to characterize the radar 
backscatter signal to determine if the returned signal is 
caused by an ice-regolith mixture, or simply dry rocks on 
the lunar surface. Although Mini-SAR results showed 
similar signatures for many areas in polar as well as non- 
polar regions, statistical and morphological analysis 
showed that the data for anomalous polar craters are 
unique and very much different from that of the 
anomalous non-polar craters suggesting that the radar 
backscatter from these areas are of different origin. These 
anomalous polar craters are consistent within the 
permanently shadowed areas and also low counts for 
epithermal neutrons in these areas indicate that radar 
backscatter is due to the presence of water ice. Another 
instrument onboard Chandrayaan-1 that asserted presence 
of water in sunlit lunar exosphere was Chandra’s 
Altitudinal Composition Explorer (CHACE). CHACE is 
a quadrupole mass spectrometer, a payload of the Moon 
Impact Probe (MIP). CHACE has detected presence of 
H,O (mass number 18) in the lunar atmosphere along 
with some other masses. The results exhibited an increase 
in H,O concentrations by a factor of 2 from lunar latitude 
of 20°S - 70°S, beyond which it decreased to ~70% of its 
peak value which is believed to be due to the temperature 
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variation and consequent changes due to sublimation. 
Although it was a single-shot measurement, it still 
provided useful insights into the migration of water 
towards polar regions of moon. 


Figure 2: False Color Composite derived from M®* 

image mosaic showing distribution of OH/H,O 

(Pieters et al., 2009) 
These observations were further strengthened by the 
confirmation of presence of water by LRO’s LCROSS 
mission that has provided direct evidence by crashing a 
spent rocket stage, Centaur (the spent upper stage of Atlas 
V Rocket which propelled both LRO and LCROSS to 
moon), into permanently shadowed Cabeus Crater near 
lunar south pole and observing the ejecta and debris from 
instruments onboard a shepherding spacecraft. The 
shepherding spacecraft carried nine instruments including 
cameras, spectrometers, and a radiometer to monitor the 
spectral bands associated with various forms of water - 
OH, H.,O, water-ice, sublimed ice, vapour, hydrated 
minerals and many more which can give specific 
signatures for water. Near-Infrared absorbance was used 
to detect water vapor and ice and ultraviolet spectroscopy 
These 


used to radicals. 
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identify hydroxyl 
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Figure 3: An artist’s view of LRO- LCROSS impact experiement at Cabeus crater of lunar south pole (Source: NASA) 
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observations showed strong and convincing features for 
hydroxyl (OH) (1.4um), bound H,O (1.9 um), metal- 
bound OH (2.2um), water-ice (1.5 um), and water vapor 
(1.87 um). The evolution of the spectra throughout the 
impact experiment suggested an initial release of water 
vapor and OH followed by water ice grains that got 
possibly sublimated from the heated surface near the 
impact site. The maximum total water vapor and water 
ice within the instrument field of view was estimated to 
be 155 (+12) kgs while the concentration of water ice in 
the regolith at the LCROSS impact site is estimated to be 
5.6% (+2.9). 


Thus, it is apparent that water exists on Moon, but HOW 
MUCH? and FROM WHERE), still remain unanswered. 
It is essential to quantify and understand the provenance 
for this important resource which forms the basis for 
future human colonization on Moon. These can be 
achieved by sending landing / rover missions equipped 
with state of the art mass spectrometer and also by using 
upcoming technologies such as Wireless Sensor Network 
(WSN) for detailed coverage at suitable locations 
identified from earlier missions. 


Further Reading: 

1. Coakley, Papers Am. Astron. Soc. 1, 1-8,1885 

2. Pieters et al., Science, 326,568-572,2009 

3. Watson et al., Geophys. Res, 66,3033-3045,1961 

4. Arnold, J. Geophys. Res., 5659-5668, 1979 

5. Spudis et al., Geophys. Res. Lett., 37, 2010 

. Sridharan et al., Planetary & Space Sci.,58,947-950,2010 
. Lucey, Elements, 41-46, 2009 

. Colaprete et al., Science, 330, 463-467,2010 

. Saal et al., Nature, 454, 192-195, 2008 
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Early Chemical Differentiation of Bulk Silicate 
part of Planetary Bodies 


Chemical differentiation of planetary bodies including 
parent bodies of meteorites has been recognized for a 
long time by variety of evidences such as_ the 
differentiated meteorites, the anorthosites of lunar crust, 
the volcanoes and volcanic flows on Venus and Mars etc. 
Accretionary heat augmented by heat from radioactive 
decay is believed to be the cause of such differentiation. 
Short-lived radionuclides, which were present during the 
accretion but got extinct later, provided important clues 
and time-frames of such differentiation in the form of 
their daughter nuclides that were found in excess to what 
would have been expected from nucleosynthesis. These 
radiogenic anomalies have provided time constraints on 
chemical differentiation of parent bodies of meteorites. 
One good example of this is detection of *°Al in meteorite 
Piplia Kalan which led to the conclusion that the parent 
body of Piplia Kalan was differentiated within 5 Ma of 
accretion (Srinivasan et. al. 1999). 


Earth being a planet of just right size and mass continues 
to undergo differentiation even during present time as 
reflected in the form of various volcanoes, frequent 
earthquakes and other manifestations of Plate Tectonics 


Photo 1: alpha-HIBA columns at sample preparation lab for 
isotope studies at Pondicherry University. These columns 
are to separate Nd from Ce which is critical to precisely 
measure ‘Nd by removing interference of mass ‘Ce. 
Major elements present in sample are separated by other 
cation exchange resins prior to using these columns. 

that is driven by the residual heat inside the Earth. We 
have now enough evidences to suggest that major 
geochemical differentiation of the Earth into Core, 
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Mantle and Crust was completed within a few tens to 
hundreds of million years of its achieving the present-day 
size. However, Earth has been getting modified and 
recycled continuously and thus making it difficult to have 
more understanding of early differentiation. Based on 
samples of crust and mantle that are accessible for 
laboratory studies and based on indirect geophysical 
estimates such as density and moment of inertia, overall 
chemical composition of the entire earth is estimated to 
be similar to the chondiritc composition which seems to 
preserve the initial solar system composition without 
much modification. A big impetus to the study of early 
differentiation of the Earth was given by discovery in 
2005 by Boyet et. al. that '’Nd/'*Nd ratio of the 
chondrite is less than what was assumed earlier by at least 
20 parts per million (ppm). 


‘Nd is the most abundant isotope of Nd (~ 27%) and is 


produced by s-processes during nuleosynthesis. A small 
amount of ‘Nd is also produced by decay of '“°Sm 
which is short-lived isotope with half-life of 103 Ma and 
therefore is now extinct. Chemical differentiation of 
Earth, if it occurred during the life of '“°Sm should have 
produced deficiency of ‘Nd in melt (crust) extracted 
from the solid leaving the residual solid (mantle) with an 
excess in '”Nd because Sm is more compatible than Nd 
in solids during solid/melt partition. Based on_ this 
premise earlier studies focused on detecting a positive 
'°Nd/'“Nd anomaly relative to chondritic ratio reflecting 
the early differentiated mantle that may be the source of 
oldest preserved rocks on Earth such as ~3.8 Ga old Isua 


greenstones. 


This task required to detect a very small excess of 
'2Nd/'“Nd in otherwise very abundant normal '?Nd 
isotope. Even with limited technologies of the earlier 
days, ingenuity of many workers could demonstrate such 
positive anomalies and thereby confirmed the basic 
premise of early differentiation of the Earth (Harper and 
Jacobsen 1992; Caro et. al. 2003 and references therein). 
However, Boyet et. al. 2005, equipped with the new 
generation of mass spectrometer showed that all the 
accessible samples on Earth have higher '*Nd/'“*Nd 
relative to chondrites. 


This discovery completely redefined the problem of 
differentiation and also raised several profound questions 


related to the geochemical budget of bulk Earth. Such as 
1) could earth accrete with a higher Sm/Nd ratio than 
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chondrite to start with? 2) If Earth accreted with 
chondritic Sm/Nd ratio and excess of '‘’Nd is due to 
differentiation of Earth then where is the complimentary 
material with negative '**Nd/'“Nd to balance the budget 
to chondritic? 


Photo 2: Thermal Ionization Mass Spectrometer 
(TRITON model) at Pondicherry University, This is 
equipped with nine faraday cups and one secondary 
electron multiplier, this helps in simultaneous 
measurements of all the seven isotopes of Nd along with 
one isotope of Ce and Sm each to monitor mass 
interferences. 


These questions led to initiation of several studies to 
measure '’Nd/'“4Nd ratios in variety of terrestrial and 
extra-terrestrial materials. The possibility of the Earth 
having super chondritic material has since been ruled out 
by different studies. However, search of negative 
anomaly is still continued. Recently one study reported 
deficiency of '’Nd/'““Nd in 1.48 Ga old alkaline rocks 
from Khariar complex of Bastar craton in southeastern 
India (Upadhyay et. al. 2009). This negative anomaly, 
however, is relative to the terrestrial standards and not to 
chondrites. Nevertheless, finding a negative anomaly in 
as young rocks as 1.48 Ga showed preservation of early 
mantle (~4.2 Ga) probably attached to the root of 
lithosphere that could escape convection and recycling. In 
order to look for such mantle from deeper portion we 
chose to measure '“’Nd/'*Nd from Archean Komatiites 
that were demonstrated to have been originated at higher 
depth. 


Measurements of '’Nd/'“Nd 

Conventional Sm-Nd studies measure '“Nd, a decay 
product of longer lived '*’Sm which has half life of ~106 
Ga. This is done by separating Nd from the rock sample 
and ionizing it in TIMS. Chemical techniques used to 
separate Nd in such studies are not able to separate other 
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Rare Earth Elements completely, but it does not interfere 
with measurements as there is no other element having an 
isotope of 143 mass. However, '“’Ce mass interferes with 
'ONd if it is not separated. Therefore, measurement of 
'2Nd/'“Nd depends on complete separation of Ce and 
requires a completely different separation technique. 
Furthermore, as the excess of Nd is at parts per million 
level it requires mass-spectrometric measurements of 
standards and samples to that level in order to detect the 
difference at ppm level. We have under the project funded 
by PLANEX established chemical separation technique 
using alpha-HIBA resin to remove Ce (Photol). We also 
could successfully establish the mass-spectrometric 
protocols to make measurements to the desired precision 
using new generation TRITON mass-spectrometer (Photo 
2) which was established with the help of DST’s fund 
under National Facility program. We could successfully 
measure '“’Nd/'“*Nd ratio of several samples of Archean 
komatiites from Dharwar craton at high precision (~10 
ppm, 20). These studies revealed that these komatiites 
though originated at relatively deeper part of mantle still 
represent differentiated mantle relative to chondritic 
composition as '“*Nd/'“Nd ratio of these rocks are similar 
to terrestrial standards and therefore higher than the ratio 
in chondrites. 

Further Reading: 


1. Boyet, M. and Carlson,R.W. ,Science, 309, 576-780. 2005 

2. Caro, G., et al., Nature, 423, 428-432. 2003 

3. Harper,C.L.& Jacobsen, S. B. Nature,360,728—732 , 1992 

4. Srinivasan G., Goswami, J.N. and Bhandari, N. Science, 
284, 1348-1350. 1999 

5. Upadhyay, D., Scherer E., and Mezger, KNature, 459, 
1118-1121, 2009 
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Lunar Chemistry through X-rays : Experiments 
on the Indian Lunar Missions 


Our solar system is believed to be nearly 4.6 billion years 
old. Soon after the formation of the Sun, the residual gas 
and dust that surrounded the early Sun, coalesced to form 
the eight planets with their satellites, minor planets, 
asteroids and comets. In the process, metal-rich rocky 
bodies formed in the inner solar system (as they have 
high melting points) while the outer solar system 
produced gas-rich, metal-poor giant planets. 
Understanding the composition of the solar system bodies 
is crucial in determining the various evolutionary 
processes that the solar system has gone through which 
led to the present conditions. Though all of them must 
have originated from the same basic material around the 
young Sun, we can see a wide diversity among the planets 
and their satellites: atmosphereless, iron rich, ones with 
magnetospheres, icy planets and so on. 


Chemical composition can be 


: Incident X- 
determined through remote pe <4 


sensing in infrared, x-ray and 
gamma ray wavelengths. X-ray 
and gamma ray remote sensing 
can determine the elemental 
composition irrespective of the 
ionisation state of the atom 


while infrared spectroscopy 
relies on specific features of X-tay fluorescence 
from elements due to their 

presence in a particular mineral. X-rays sample only the 
very upper few tens of microns of the planetary surface 
whereas gamma rays go down to a few cm. Thus 
experiments in all three regimes are important for a 


complete understanding. 


How do we know the chemistry from X-rays? 

A few decades after the discovery of X-rays by Wilhelm 
Rontgen, it was shown by Moseley in 1913 that when 
pure substances are irradiated 
with a beam of X-rays from an 
X-ray tube, they produce new 
X-ray photons with energy, 
characteristic of the substance. 
When an X-ray photon hits an 


atom, it may either get absorbed 


Figure 2: C1XS 
instrument 


or scattered. If the energy of the 
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Figure 1: Schematic diagram 


incident photon is greater than the binding energy of an 
atomic shell, an electron will be ejected (called 
photoelectron). This process is called photoelectric 
effect. The vacancy created thus is then filled by an 
electron in a higher shell. This electron transition results 
in the emission of an X-ray photon (X-ray Fluorescence- 
XRF) of energy characteristic to the atom. This X-ray 
photon will have an energy equal to the difference in 
energy between the two shells. Since the atomic energy 
levels of each element in the periodic table are distinct, 
the fluorescent X-ray emission from atoms can be used to 
directly identify the presence of the element. This forms 
the basis for remotely sensing the chemistry of planetary 
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Figure 3: An example of an XRF spectrum in C1XS; to 
derive the x-ray intensity in each element observed, the 
observed spectrum is modeled and fitted with an 
appropriate function as shown by the thick line . The 
bottom panel is the difference between the fitted line and 
actual data (known as residuals and gives us a measure of 
how good our fit is) 

surfaces. In laboratories, X-ray generators or radioactive 
isotopes are used to illuminate the sample under study. 
But these are too weak to excite enough XRF photons 
(that can be detected by an X-ray detector) from the 
planetary surface if carried onboard an_ orbiting 
spacecraft. On the other hand, the Sun can be the source 
of X-rays. The surface temperature of Sun is ~ 6000 K, 
which implies that the resulting blackbody emission is 
most intense at visible wavelengths and the flux of X-rays 
emitted is generally low. But changes in solar magnetic 
configurations give rise to sporadic release of energy 
referred to as a solar flare where the X-ray emission 
suddenly increases, reaches a maximum and decays over 
a time scale of minutes to hours. When the solar X-rays 
strike the atoms on the surface of the planetary body, 
XRF photons are emitted from the upper few microns.' 
An X-ray detector on the orbiting spacecraft can then 


' For example in the case of Moon, the upper 2-10um of regolith 
is sampled when we map Mg, Al and Si abundance 


P 
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detect them and measure its 
energy which tells us _ which 
element emitted the photon. The 
number of x-ray photons emitted 
is proportional to the amount of 
the element present and thus the 


Figure 4: CLASS 
abundance of the element can be instrument 
determined by measuring the energy and strength of the 
x-ray fluorescence signal. However this is not so 
straightforward and requires detailed modeling of the 
various other factors (e.g. observation geometry, particle 
size etc) that XRF signals depend on. 

The Chandrayaan-1 XRF experiment 

The Chandrayaan-1 X-ray Spectrometer (C1XS) was an XRF 
experiment designed to carry out mapping of the major rock 
forming elements such as Mg, Al, Si, Ca, Ti and Fe on the lunar 
surface. It operated for nine months but owing to the low solar 
activity during that time, only parts of the lunar surface could 
be covered. However the spectra measured provide the best 
data of its kind obtained for the Moon. 

XRF experiment on Chandrayaan-2 

Chandrayaan-2, to be launched in the 2013-14 time frame also 
carries an XRF experiment to complete the elemental mapping 
that C1XS initiated. This experiment named Chandrayaan-2 
Large Area Soft x-ray Spectrometer (CLASS) would have an 
area three times that of CLXS. This means that it would be able 
to measure much lower signals than C1XS. CLASS as well as 
C1XS used a variation of x-ray CCDs called ‘swept charge 
devices’. One of the main performance criteria of an x-ray 
detector is its energy resolution (capability to distinguish 
between x-ray photons closely spaced in energy). Swept charge 
devices (SCDs) have a very good energy resolution even at 
benign temperatures of -20 °C. SCDs on CLASS are the 
modified version of that on C1XS and thus expected to give a 
higher performance. CLASS is being developed at ISRO 
Satellite Centre and nurtures the potential to provide the first 
complete set of chemical maps for the lunar surface. 
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MISSION STORY 
Mars Science Laboratory(MSL) 


Next to the great success of twin robot geologists, Spirit 
and Opportunity, on the surface of the red planet, NASA 
is now preparing its mission ‘Mars Science Laboratory 
(MSL)’, to set down a large mobile laboratory - a rover 
named ‘Curiosity. MSL is one of the most 
technologically challenging interplanetary rover missions 
ever designed. Curiosity weighs 900 kgs and measures 
10ft X 9ft X 7ft. This nuclear-powered rover will 
primarily investigate whether the region around its 
Martian landing site was ever a potential habitat for life, 
past or present. The MSL rover is designed to carry ten 
scientific instruments and a 


sample acquisition, 


Mastcam 
cameraheads 


SA 
inlets CheMin 
Inlet " 


APXS & 


MAHLI MARDI 


camerahead 

processing and distribution system. Curiosity science 
payload is 10 times heavier than the instruments on 
NASA's twin Spirit and Opportunity rovers. The various 
payload elements will work together to detect and study 
potential sampling targets with remote and in situ 
measurements. They will also acquire samples of rock, 
soil and atmosphere and analyze them in onboard 
analytical instruments; and also to observe the environ- 


259 Height (m) Height (m) _ 
690 w00, 


-ment around the rover. MSL is expected to launch 
between Nov. 25-Dec. 18, 2011 and will arrive on Mars 
on August 2012. The Mars Science Laboratory will 
begin surface operations soon after landing and 
continue for at least one Mars year. 

Instruments: 

Remote sensing instruments: Mastcam (Mast 


Camera) and ChemCam (LIBS for Chemistry and 
Microimaging) located on the mast. 
Contact science instruments: APXS (Alpha Particle 
X-ray Spectrometer) and MAHLI (Mars Hand Lens 
Imager) located on the robotic arm 


List of Candidate Landing Sites: 


Name Location Key Features 


Eberswalde 23.86°S, 
326.73°E 


Delta 
Crater 


Gale Crater 4.49°S, 


137.42°E 


Layered 
Sulfates, 
Phyllosilicates 


Holden 
Crater 


26.37°S, 
325.10°E 


Fluvial layers, 
Phyllosilicates 


Mawrth 
Vallis 


24.01°N, 
341.03°E 


Noachian 
Layered 


Phyllosilicates 


Analytical laboratory instruments: CheMin 
(Chemistry and Mineralogy) and SAM (Sample 
Analysis at Mars) located inside the rover body. 


Environmental instruments RAD — (Radiation 
Assessment Detector), DAN (Dynamic Albedo of 
Neutrons), REMS (Rover Environmental Monitoring 
Station), and MARDI (Mars Descent Imager). 

Context Images of Candidate Landing Sites: 


(Source: NASA/JPL/MSL Presskit) 
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Payloads for Chandrayaan-2 Finalised 


Chandrayaan2, India's second mission to moon, is being 
targeted for launch during 2013. The payloads to be 
flown onboard Chandrayaan? (orbiter and rover) have 
been finalized. The five recommended payloads of 
Chandrayaan-2 orbiter are Large Area Soft X-ray 
Spectrometer (CLASS), Solar X-ray Monitor (XSM), L 
and S band Synthetic Aperture Radar (SAR), Imaging IR 
Spectrometer (IIRS), Neutral Mass Spectrometer 
(ChACE2), Terrain Mapping Camera2 (TMC2). The two 
scientific payloads on Chandrayaan-2 rover are Laser 
Induced Breakdown Spectroscope (LIBS) and Alpha 
Particle Induced X ray Spectroscope (APIXS). 


Rosetta’s Spectacular Lutetia Flyby 


ESA’s Rosetta mission to comet had a spectacular flyby 
of asteroid Lutetia in July 2010 at a closest approach of 
3162 km. Rosetta has returned the first close-up images 
of the asteroid showing that it is heavily cratered and 
most probably a primitive survivor from the violent birth 
of the Solar System. 


Cassini’s Encounter with Enceladus 


Cassini spacecraft successfully dipped at a closest 
approach of 48 km near the surface of Saturn's moon 
Enceladus on Nov. 30, 2010, about two days before the 
Enceladus flyby, Cassini also passed the sponge-like 
moon Hyperion, beaming back intriguing images of the 
craters on its surface. The flyby, at 72,000 kilometers 
(45,000 miles) in altitude, was one of the closest 
approaches to Hyperion that Cassini has made. 


Kepler Team downloads Science Data 


The Kepler project team successfully completed another 
science data download during Nov. 22-23, 2010. The 
Kepler Follow-up Observation Team is now engaged in 
examining planetary candidates to eliminate false 
positives and refine the candidate list based on currently 
available data. 


Mars Odyssey sets a Longevity Record 


NASA's Mars Odyssey, launched in 2001, has set-up a 
longevity record at the Red Planet. The probe began its 
3,340" day in Martian orbit at 5:55 p.m. PST (8:55 p.m. 
EST) on Dec. 15, 2010 to break the record set by 
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NASA's Mars Global Surveyor, which orbited Mars from 
1997 to 2006. Odyssey has enabled continued science, 
including monitoring of seasonal changes on Mars from 
year to year and the most detailed maps ever made for 
most of the planet. 


Akatsuki failed to enter Venus Orbit 


JAXA’s venus space probe Akatsuki failed in its attempt 
to enter orbit around Venus, and is believed to have 
passed the planet. But the probe will still have a chance 
when it comes close to Venus again in six years. 


MRO reveals new Morphological features on Mars 


Images of MARS released from 340 recent observations 
by HiRISE (High Resolution Imaging Science 
Experiment) camera onboard Mars Reconnaissance 
Orbiter (MRO) reveal a wide variety of martian 
environments such as Strewn boulders and rippled sand 
on the floors of two shadowy, steep-walled pits. Mounds 
in another region appear to be mud volcanoes, which may 
have brought fine-grained material to the surface from 
deep underground. 


New Horizons reaches the Mid-Mission Milestone 


NASA’s  Pluto-Kuiper Belt Mission “New Horizons” 
space probe which was launched on Jan. 19, 2006 has 
reached its half way milestone in August 2010. Since its 
launch, the spacecraft will make its closest approach to 
Pluto in July 2015. The spacecraft will then head deeper 
into the Kuiper Belt to study one or more of the icy mini- 
worlds in that vast region, a billion miles beyond 
Neptune's orbit. 


EPOXtI flied the Comet Hartley 2 


NASA’s EPOXI mission successfully flew by Comet 
Hartley 2 on Nov. 4, 2010, and the spacecraft has begun 
returning images. 


Juno gets prepared for Jupiter 


The assembly of NASA's Juno spacecraft has begun, 
which will help scientists understand the origin and 
evolution of Jupiter. The mission is expected to launch in 
August 2011 and reach Jupiter in 2016. 
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> A three day workshop on Chandrayaan-1 data analysis was jointly organized by PLANEX -— Physical 
Research Laboratory (PRL) and Space Application Centre (SAC), Ahmedabad from 28" - 30'" November, 
2010 to increase awareness about HySI and TMC data products and to form a working group in India for 
analyzing current and future planetary data sets. A group of twenty one participants from various universities 
and academic institutes attended the workshop. There were lectures and hands on training to process and 
analyze the datasets. The participants showed keen interest in continuing research in planetary sciences. Prof. 
J.N.Goswami, Director, PRL, Dr. R. R. Navalgund, Director, SAC and Prof. S.V.S. Murty, Coordinator 
PLANEX programme, PRL encouraged the participants and suggested them to write project proposal to 
PLANEX or write to the Planetary Sciences group at SAC for necessary support in future. 


am Ab , a 


Workshop on 
Data a bt A ewe Imaging Payloads - HYSI & TMC) 
November 28-30, 2010 AA 
Pa Physical Researh Laboratory ae Applications Centre 


Ahmedaba 


> A one day workshop on “Data Analysis of Chandrayaan-1 payload Mini-SAR” was organized jointly by 
PLANEX - Physical Research Laboratory (PRL) and Space Application Centre (SAC), Ahmedabad on Dec. 
27, 2010. Scientists from IIT Bombay, IIT Roorkee , IRS Dehradun , BIT Ranchi, ICRS Jodhpur , Space 
Application Centre, and Physical Research Laboratory, Ahmedabad attended the workshop. The event 
featured lectures and hands on training from experts and presentations from the participants about their plans 
and interests. Prof S.V.S. Murty, PRL and Dr. Shiv Mohan, SAC, encouraged them and asked them to submit 
a short term proposal for three month duration and a detail version for extended period of time. 
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MENTS/OPPORTUNITIES 


1) National Remote Sensing Centre, Balanagar, Hyderabad is conducting a 4 week course on “Introduction to 
GIS & Applications “from 7 Feb. — 4 Mar., 2011 (last date of application: Jan. 07, 2011) and 12 week course 
on “Remote Sensing & GIS — Technology and Applications” from June 6 — Aug. 26, 2011 (Last date of 
application: May 6, 2011). 


For details, visit: http://www.nrsc.gov.in/trg/Training @ NRSC.htm 


2) A Short Course on Geo-informatics ITEC Sponsored) will be organized at Indian Institute of Remote Sensing, 
Dehradun from Sept. 26 — Nov. 25, 2011. 


For details, visit: http://www.iirs-nrsa.gov.in/ 


3) Applications are inivited for LPI summer internship programme. All online application information must be 
received at LPI before Jan. 21, 2011. 


For details, visit: http://www.lpi.usra.edu/Ipiintern/ 


4) EGU 2011: Call for Abstracts for the European Geosciences Union General Assembly 2011 (EGU2011), April 
03 — April 08, Vienna, Austria. ( Submission deadline on Jan. 10, 2011) 


For details, visit: http://meetingorganizer.copernicus.org/EGU201 1/sessionprogramme/PS 


5) A Brainstorming Session on “Mars Science and Exploration” will be organised during Mar. 21-22, 2011, at 
Physical Research Laboratory, Ahmedabad. 


For details, visit : http://www.prl.res.in/~planex 
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Dr. Vikram Ambalal Sarabhai 
August, 1919 - December,1971 


12™ August 1919, Ahmedabad, Gujarat witnessed birth of a legend whose vision still continues 
to underline development of modern India. He was none other than Padma Bhushan Dr. Vikram 
Ambalal Sarabhai, who has put India on the international map in the field of space research. He 


dreamt of using telecommunication satellites as a weapon to spread knowledge. He didn’t just 
dream about it, but initiated the development of launch vehicles, spacecrafts, communication and remote sensing 
payloads and their launch facilities. But space research is not the only thing he is known for! He was an entrepreneur, 
a policy maker, an institution builder, an educationist among many other things. He was a visionary who believed in 
applying scientific methodology in all aspects of life. Dr. Sarabhai received the Tripos in Natural Sciences at the St 
John’s College, University of Cambridge in 1940. He returned to India and started his research in cosmic rays under 
the guidance of Nobel Laureate Sir C.V. Raman at Indian Institute of Science in Bangalore and was awarded a PhD 
degree for his thesis on “Cosmic Ray investigation in Tropical Latitudes' in 1947 by University of Cambridge.The first 
institution that Dr Sarabhai established was Ahmedabad Textile Industry’s Research Association (ATIRA). ATIRA 
was the first step towards introducing scientific methodologies in traditional industries. 


He founded Physical Research Laboratory (PRL) in Ahmedabad on 11" November 1947 with a few rooms in the M G 
Science Institute, which became a leading research Institute and cradle of space science in India. With support from 
Dr. Homi Bhabha from the Atomic Energy Commission, Dr. Sarabhai set up India's first rocket launching station, in 
Thumba on the coast of the Arabian Sea. The first launch took place on 21° November 1963. He was the one to 
propose the idea of having a school of business management in India which materialized to be the Indian Institute of 
Management, one of the best management institutes in the world. He also played a key role in establishing many 
other leading institutes and groups like the Community Science Centre, the Space Application Centre, Operation 
Research group (ORG), Uranium Corporation of India Ltd (UCIL) etc. He was a multi-faceted personality, with varied 
interest spanning from science, sports, art and education. He also led the conglomerate of Sarabhai business group.The 
establishment of Indian Space Research Organization (ISRO) was probably his greatest achievements and 
breakthrough in building scientific India. He was an avid believer of the importance of space research. 


Dr A.P.J. Abdul Kalam once said: “(Thanks to Dr. Sarabhai,) in the history of the establishment of the space 
technology centers and rocket launching bases, India will be the first in the world to have achieved this objective in a 
less than ten-years cycle. Both VSSC and SHAR Centers stand today as testimonials to Sarabhai’s vision.” 


He wasn’t just a visionary with ideas and plans but he had this magnificent optimistic power to make them true. He 
was a man of action, a dynamic personality and yet so down to earth. He passed away in his sleep on 31** December, 
1971. His life will always remain a constant source of inspiration to all those who seek excellence. 
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